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Introduction
The central skeletal element of vertebrates, the vertebral column, combines solidity, stability, elasticity and mobility. The mechanical properties of the vertebral column are conferred by the metameric array of vertebrae, which are separated by intervertebral discs in higher vertebrates and are directly articulated in the lower vertebrate (Romer and Parsons, 1986) . Despite these differences, the principles of vertebrate axial skeleton formation are conserved. The source for the vertebral column components is the paraxial mesoderm. Laid down during gastrulation as a mesenchyme flanking notochord and neuroectoderm, the tissue segments when discrete somites detach by epithelialization. The somite produces a second tissue, the sclerotome, the skeletogeneous part of the somite, via mesenchymal transformation in the ventromedial regions. This mesenchyme condenses in a metameric fashion, first laterally to form the neural arches, and later medially, giving rise to the vertebral bodies and the intervertebral discs. Thus, the ventromedial differentiation of the somite is a crucial step in the formation of the axial skeleton as a whole (Gossler and Tam, 2002; Humzah and Soames, 1988; Langman, 1969; Theiler, 1988) .
The role of the notochord or floor plate in the differentiation of the sclerotome was demonstrated by implantation experiments. Implantation of an ectopic notochord or floor plate induced the differentiation of somitic derivatives into cartilage, inhibiting the development of the dorsal muscle or dermis (Pourquie et al., 1993; Yamada et al., 1991) . Later, it was shown that sclerotome differentiation from the somite and differentiation of the floor plate are induced by Sonic hedgehog (Shh), a signaling protein secreted from the notochord (Ang and Rossant, 1994; Chiang et al., 1996; Roelink et al., 1995; Wilson et al., 1995) . Shh signals emanating from the notochord and floor plate were shown to be essential for sclerotome differentiation and subsequent formation of the vertebral column (Chiang et al., 1996; Fan and Tessier-Lavigne, 1994; Roelink et al., 1995; Teillet et al., 1998) . McMahon et al. (1998) demonstrated that the activity of notochord-derived Noggin was required for sclerotome differentiation, because Noggin-deficient embryos display defective sclerotome formation. On the other hand, bone morphogenic protein (BMP)2 or BMP4 can inhibit Shh-mediated induction of Pax1 in the somitic mesenchyme and thus inhibit sclerotomal cell growth and differentiation into cartilage (McMahon et al., 1998; Monsoro-Burq et al., 1996) . Noggin binds tightly to BMP2 and BMP4, thus preventing BMP2 and BMP4 from binding to their receptors (Zimmerman et al., 1996) . In any case, it is evident that the sclerotome is generated in response to a common signal from the floor plate and notochord.
Danforth's short tail (Sd) mouse is a semi-dominant spontaneous mutant characterized by a short kinky tail, urogenital defects and anorectal malformations (Dunn et al., 1940; Favre et al., 1999; Gruneberg, 1958) . Although this mutant locus was mapped to the proximal part of mouse chromosome 2, the gene has not been identified yet (Alfred et al., 1997; Lane and Birkenmeier, 1993) . Sd homozygotes have similar but more severe abnormalities than Sd heterozygotes. In Sd/Sd homozygotes, a notochord is formed but degenerates completely between day 9.5 and 11.0 post-coitum (pc) (Dietrich et al., 1993; Gruneberg, 1958) . The Sd homozygous embryos showed premature termination of the vertebral column in the lumber or sacral vertebrate depending on the genetic background (Dietrich et al., 1993; Dunn et al., 1940; Theiler, 1988) . Dietrich et al. (1993) demonstrated that both the vertebral column and floor plate are unaffected in the anterior region, while embryos lacked both the vertebral column and floor plate in their posterior region. Based on this finding, they proposed that the notochord is no longer necessary after the floor plate is established. However, there is no clear evidence that the floor plate can substitute for notochord function. This is because the gene for the Sd mutation has not been identified yet and the genotype of the Sd allele is only possible by external inspection. Analysis of the embryo before embryonic day 10.5 (E10.5) is essential to address the role of the floor plate in vertebrate formation. However, Sd mutant embryos show no apparent phenotype by external inspection before E10.5. We have previously established the mutant mouse line, Skt Gt , through gene trap mutagenesis in embryonic stem cells.
The novel gene identified was termed the Sickle tail (Skt), which was mapped at 0.95 cM distal to the Sd locus (Semba et al., 2006) . By crossing Sd and Skt Gt mutants, we obtained the double mutant which carried Sd and Skt Gt in the cis configuration (Sd-Skt Gt /+-+). The lacZ gene was inserted into the Skt locus and served as a marker to genotype embryos for the Sd mutation (Semba et al., 2006) . In addition, as the lacZ gene in the Skt Gt allele is expressed in the notochordal cells during embryogenesis, notochordal formation and degeneration can be monitored by lacZ expression. Furthermore, the Skt Gt homozygous mutant mice can survive to adulthood and show characteristics of a kinky tail due to abnormalities of intervertebral disc formation only in the caudal spine. Thus, the Skt Gt allele is quite useful to address the question whether the floor plate can substitute for notochord function. In this study, we first established the Sd mutant strain in a C57BL/6 background to address the effect of genetic background on vertebrate phenotype. We examined the role of the notochord and floor plate on the differentiation of vertebral bodies using molecular markers, Skt Gt as a notochord marker, Uncx and Paraxis as somite markers, Shh as a floor plate marker and Pax1 as a sclerotome marker (Burgess et al., 1995; Furumoto et al., 1999; Mansouri et al., 1997; Roelink et al., 1995; Semba et al., 2006) . Our results showed that the floor plate is sufficient for differentiation of the somite into a sclerotome and axial skeletal development in the absence of the notochord.
Materials and methods

Generation and genotyping of mutant mice
We have previously established the mutant mouse line, B6;CB-Skt GtAyu8021IMEG (Skt Gt ), in which the lacZ gene was inserted into the Skt locus (Semba et al., 2006) . Sd mice purchased from the Jackson Laboratory (Bar Harbor, ME) were propagated by in vitro fertilization and were backcrossed to the C57BL/6 to at least the 10th generation. (Semba et al., 2006) .
Skeletal preparations
After embryo skins were removed, embryos were fixed in 95% (v/v) ethanol for 3 days. Embryos were made transparent by placing tissue in 1% (w/v) potassium hydroxide for 1 day and stained using alcian blue and alizarin red. Excess stain was removed with 2% (w/v) potassium hydroxide and samples were transferred to glycerol (Hogan et al., 1994) . The number of vertebrae was scored, and the first vertebra was assigned according to the atlas vertebra (C1). The numbers of normal vertebral bodies were counted, where ''normal'' refers to the absence of obvious malformations, but counts did not take into consideration the reduction in size observed in the vertebral bodies of Sd mutants.
Detection of b-galactosidase (lacZ) activities
Whole-mount X-gal staining of embryos was performed according to the method of Allen et al. (1988) . Samples were fixed for 30 min at room temperature in fix solution [1% (w/ v) formaldehyde, 0.2% (v/v) glutaraldehyde, and 0.02% (v/v) Tween-20 in phosphate-buffered saline (PBS)]. Fixed samples were washed twice with PBS and incubated overnight at 30°C in staining solution (5 mM potassium ferricyanide, 5 mM potassium ferrocyanide, 2 mM MgCl 2 , 0.5% (v/v) X-gal in PBS). Stained samples were rinsed twice with PBS, postfixed in 3.7% (w/v) formaldehyde/PBS and made transparent using benzylalcohol/benzylbenzoate (1:2) after dehydration with a series of ethanol solutions (25%, 50%, 70%, 100%, and 100% (v/v), 1 h each). For the section, after X-gal stained embryos were refixed in 3.7% formaldehyde/PBS. Refixed embryos were embedded in paraffin according to standard procedures. Sections of 10 lm were prepared and counterstained with Nuclear Fast red.
Whole mount in situ hybridization
Embryos were fixed overnight in 4% (w/v) paraformaldehyde in PBS. Whole mount in situ hybridization was performed as described previously (Rosen and Beddington, 1993) . After overnight fixation, tissues were washed in PBS containing 0.1% (v/v) Tween-20 (PBST) and then dehydrated using graded methanol solutions and stored in 100% (v/v) methanol at À80°C until ready for use. After rehydration in PBST, embryos were bleached in 6% (v/v) peroxide solution for 30 min, permeabilized with proteinase K (10 mg/ml) for 0-10 min depending on the embryonic stage, and then post-fixed in 4% (w/v) PFA plus 0.2% glutaraldehyde (v/v). Proteinase K was inactivated with 0.2% (w/v) glycine in PBST. All samples were incubated in hybridization buffer containing 50% (v/v) formamide for 2 h at 65°C and then hybridized at the same temperature with 1.0 lg/ml of labeled RNA probe overnight. Embryos were rinsed for 3-5 min in Tris buffered saline containing Tween-20 and levamisole (TBST; 25 mM Tris, 137 mM NaCl, 2.68 mM KCl, 0.1% (v/v) Tween-20 and 2 mM levamisole) and then incubated in blocking buffer (TBST + 10% (v/v) sheep serum, and 2% (v/v) blocking reagent [Roche Diagnostics]), at room temperature for 6 h. Hybridized probes were incubated with pre-absorbed anti-digoxigenin-AP (Roche Diagnostics), diluted 1:2000 or 1:1000, in blocking buffer (Roche Diagnostics) overnight at 4°C. Embryos were washed several times with TBST over a 6 h period at room temperature, and then developed with NBT/BCIP Stock Solution (Roche Diagnostics) for 0.5-1 h. The reaction was terminated with PBST solution. Stained samples were rinsed twice in PBS, post-fixed in 3.7% (w/v) formaldehyde/PBS and made transparent using benzylalcohol/benzylbenzoate (1:2) after dehydration with a series of ethanol solutions (25%, 50%, 70%, 100%, and 100% (v/v), 1 h each). For the section, embryos stained by whole mount in situ hybridization were refixed in 3.7% formaldehyde/PBS. Refixed embryos were embedded in paraffin according to standard procedures. Sections of 10 lm were prepared.
Statistical procedure
Data are expressed as means ± SD. The significance of differences between the level of floor plate induced and that of Pax1 expression or formed vertebrae was analyzed using Student's t test. Differences with P < 0.05 were considered significant.
Results
The axial skeletal defects of Sd mutant and Sd-Skt
Gt double mutant embryos PCR was used to genotype the Sd allele as described previously (Semba et al., 2006) . We first evaluated whether the Skt Gt influenced axial skeletal defects in Sd mutants. Hence, we compared the severity of axial skeletal defects using skeletal preparations from wild-type, +-+/+-Skt
( Fig. 1 ). The number of vertebrae in wild type mice (n = 18) and +-+/+-Skt Gt (n = 15) was 60 including 7 cervical, 13 thoracic, 6 lumbar, 4 sacral and 30 caudal vertebral bodies ( Fig. 1A and B). The vertebral columns of Sd-+/+-+ (n = 9), SdSkt Gt /+-+ (n = 16), and Sd-Skt Gt /+-Skt Gt (n = 9) mutants were truncated at the 6th caudal, 2nd caudal and 4th sacral vertebral body on average, respectively ( Fig. 1C-E) . The difference in truncation site between Sd-+/+-+ and Sd-Skt Gt /+-+, or between Sd-+/+-+ and Sd-Skt Gt /+-Skt Gt was statistically significant (P < 0.005). On the other hand, the vertebral columns of Sd-+/Sd-+ (n = 6) or Sd-Skt Gt /Sd-Skt Gt (n = 4) mutants were truncated at the 7th or 6th thoracic vertebral body on average, respectively ( Fig. 1F and G). However, there was no statistically significant difference between them (Fig. 1H ). Taken together, these results indicate that the number of Sd alleles greatly affects the number of remaining vertebrae, and that addition of the Skt Gt mutation to the Sd mutation affects vertebrae development in the caudal and sacral region, but not in the thoracic region.
Notochordal development and lacZ expression
We first examined whether lacZ gene inserted into the Skt locus was expressed in the notochord. As shown in Fig. 2 , bgalactosidase activity was detected in the notochord of +-Skt Gt /+-+ embryos at E9.0 ( Fig. 2A and B ) and E10.5 ( Fig. 2C  and D) .
Taking advantage of the fact that notochord development can be monitored by lacZ expression, we assessed the development of the notochord in +-Skt Gt /+-+, Sd-Skt Gt /+-+ and SdSkt Gt /Sd-Skt Gt embryos by whole mount X-gal staining at E8.5, E9.0, E9.5, E10.5 and E12.0 (Fig. 3 , Table 1 ). In notochordal cells of +-Skt Gt /+-+ embryos, normal b-galactosidase activity was detected at every embryonic stage studied ( Fig. 3A-E) .
In Sd-Skt Gt /+-+ embryos, b-galactosidase activity at E8.5 was detected in a similar way as in +-Skt Gt /+-+ embryos (Fig. 3F ).
However, the notochord was thinner below the level of the 5th somite at E9.0 (Fig. 3G ) and was fragmented below the level of the 13th somite at E9.5 (Fig. 3H) . At E10.5 the notochord was not observed below the level of the 27th somite (Fig. 3I) and completely disappeared at E12.0 (Fig. 3J) . In Sd-Skt Gt /SdSkt Gt embryos, similar b-galactosidase activity at E8.5 was detected as in +-Skt Gt /+-+ embryos ( Fig. 3K) . At E9.0 the notochord was thinner and fragmented below the level of the 11th somite (Fig. 3L) . At E9.5, the notochord disappeared completely ( Fig. 2M ) and was not observed at later stages ( Fig. 3N and O). In addition, Sd-Skt Gt /Sd-Skt Gt embryos showed caudal regression at E12.0 (Fig. 3O) . These results can be summarized as follows. In Sd-Skt Gt /+-+ embryos, the notochord formed normally until E8.5, but started to degenerate at E9.5 at the level of the 6th somite and lower regions. Finally, the notochord degenerated completely by E12.0. On the other hand, in SdSkt Gt /Sd-Skt Gt embryos, the notochord formed normally until E8.5, but started to degenerate at E9.0 at the level of the 8th somite and lower regions. Finally, the notochord degenerated completely by E9.5.
Somitogenesis and expression of Uncx and Paraxis
To examine somitogenesis, we used Uncx and Paraxis as somite markers. The Uncx is a gene expressed in the entire caudal half of the newly formed somite. As Uncx is a marker of somite antero-posterior patterning its expression can be altered by a loss of antero-posterior patterning of somite. The bHLH transcription factor, Paraxis, is expressed at high level throughout the newly formed epithelial somite and becomes downregulated as the somite becomes compartmentalized (Burgess et al., 1995; Johnson et al., 2001) . Paraxis expression declines soon after formation of sclerotome and myotome. Therefore, we also used Paraxis to monitor somitogenesis. We performed whole mount in situ hybridization, using an Uncx RNA probe in wild-type, Sd-+/+-+, Sd-Skt Gt /+-+, Sd-Skt Gt / +-Skt Gt , Sd-+/Sd-+ and Sd-Skt Gt /Sd-Skt Gt embryos at E9.0, E10.0 and E10.5. In wild type, Sd-+/+-+, Sd-Skt Gt /+-+ and Sd-Skt Gt /+-Skt Gt embryos, the expression of Uncx was normal at every embryonic stage studied (Fig. 4A-D , G-J and M-P). In Sd-+/ Sd-+ embryos, the expression of Uncx was normal at E9.0 (Fig. 4E) . At E10.0, the expression of Uncx was weakened from the level of the 17th somite to the level of the 22nd somite (Fig. 4K) . At E10.5, the expression of Uncx was weakened from the level of the 17th somite to the level of the 28th somite (Fig. 4Q) . In Sd-Skt Gt /Sd-Skt Gt embryos, the expression of Uncx was normal at E9.0 (Fig. 4F) . At E10.0, the expression of Uncx was weakened from the level of the 17th somite to the level of the 24th somite (Fig. 4L) . At E10.5, the expression of Uncx was weakened below the level of the 16th somite (Fig. 4R) .
We also performed whole mount in situ hybridization, using an Paraxis RNA probe in wild-type, Sd-+/+-+, Sd-Skt Gt /+-+, Sd-
, Sd-+/Sd-+ and Sd-Skt Gt /Sd-Skt Gt embryos at E9.0, E10.0 and E10.5. In wild type, Sd-+/+-+, Sd-Skt Gt /+-+ and SdSkt Gt /+-Skt Gt embryos, the expression of Paraxis was normal at every embryonic stage studied like Uncx (Fig. 5A-D , G-J and M-P). In Sd-+/Sd-+ embryos, the expression of Paraxis was normal at E9.0 (Fig. 5E ). At E10.0, the expression of Paraxis was weakened from the level of the 18th somite to the level of the 22nd somite (Fig. 5K) . At E10.5, the expression of Paraxis was weakened from the level of the 17th somite to the level of the 27th somite (Fig. 5Q) . In Sd-Skt Gt /Sd-Skt Gt embryos, the expression of Paraxis was normal at E9.0 (Fig. 5F ). At E10.0, the expression of Paraxis was weakened from the level of the 19th somite to the level of the 23th somite (Fig. 5L) . At E10.5, the expression of Paraxis was weakened below the level of the 15th somite to the level of the 28th somite (Fig. 5R) . Ta 
Formation of the floor plate and Shh expression
To analyze the formation of the floor plate, the expression pattern of Shh was examined in the notochord and floor plate of wild-type, Sd-+/+-+, Sd-Skt Gt /+-+, Sd-Skt Gt /+-Skt Gt , Sd-+/Sd-+ and Sd-Skt Gt /Sd-Skt Gt embryos at E8.5, E9.0, E10.0 or E10.5 using whole mount in situ hybridization (Fig. 6) . At E8.5, the expression of Shh in the notochord was equally detected in all genotypes (data not shown). In wild type em- bryos, Shh expression was detected in the notochord, floor plate, limb bud, brain and gut at all embryonic stages (Fig. 6A, G, and M) . In Sd-+/+-+, Sd-Skt Gt /+-+ and Sd-Skt Gt /+-Skt Gt embryos, the expression pattern of Shh in the notochord and floor plate was similar to that of the wild-type at E9.0 ( Fig. 6B-D) . At E10.0 and E10.5, in Sd-+/+-+ embryos, the expression of Shh in the floor plate was detected in entire length of embryo ( Fig. 6H and N) . While, at E10.0 and E10.5, in Sd-Skt Gt /+-+ or Sd-Skt Gt /+-Skt Gt embryos, the expression of Shh in the floor plate disappeared below the level of the 32nd somite or 30th somite respectively (Fig. 6H -J and N-P).
In Sd-+/Sd-+ and Sd-Skt Gt /Sd-Skt Gt embryos, the expression of Shh in the floor plate disappeared below the level of the 18th or 17th somite, respectively, at E9.0 ( Fig. 6E  and F) . At E10.0 and E10.5, the expression of Shh in the floor plate disappeared below the level of the 18th somite in both Sd-+/Sd-+ and Sd-Skt Gt /Sd-Skt Gt embryos (Fig. 6K , L, Q and R). These expression patterns of Shh in the notochord were consistent with whole mount X-gal staining in all strains.
Sclerotome development and expression of Pax1
To evaluate sclerotome development from somites in Sd embryos, we performed whole mount in situ hybridization, using a Paired box gene 1, Pax1, RNA probe. Given that Pax1 is expressed in the sclerotome, it was used as a marker for the sclerotome. In addition, we compared the expression pattern The expression of Pax1 in the control was detected in the sclerotome corresponding to the 17th, 32nd and 38th somite at E9.0, E10.0 and E10.5 in wild-type embryos (Fig. 7A, G and M) . In Sd-+/+-+, Sd-Skt Gt /+-+ and Sd-Skt Gt /+-Skt Gt embryos, the expression pattern of Pax1 was the same as that of normal embryos at E9.0 and E10.0 (Fig. 7B-D and H-J). In Sd-+/+-+ embryos, Pax1 expression was almost the same as wild-types at E10.5 (Fig. 7N) . However, at E10.5, the expression of Pax1 in SdSkt Gt /+-+ and Sd-Skt Gt /+-Skt Gt embryos was detected up to the level of the 30th somite, and then reduced to the level of the 33rd somite ( Fig. 7O and P) . In Sd-+/Sd-+ and Sd-Skt Gt /Sd-Skt Gt embryos, the expression of Pax1 was similar to that of wild-type embryos at E9.0 ( Fig. 7E and F) . At E10.0 and E10.5, the expression of Pax1 disappeared below the level of the 17th somite (Fig. 7K , L, Q and R). These results indicated failure of differentiation from the somite to the sclerotome below the level of the 17th somite in Sd-+/Sd-+ and Sd-Skt Gt /Sd-Skt Gt embryos, and that the level of disappearance of Pax1 expression coincided with defects of the floor plate and vertebrae.
Comparison of caudal extent of marker gene expression and formed vertebrae
To compare the expression pattern of each marker easily, expression levels of these markers in Sd-Skt Gt /+-+ and Sd- 
embryos. In notochordal cells of +-Skt
Gt /+-+ embryos, normal b-galactosidase activity was detected at every stage (A-E). In Sd-Skt Gt /+-+ embryos, similar b-galactosidase activity was detected at E8.5 as in +-Skt Gt /+-+ embryos (F).
But, the notochord became thinner below the level of the 5th somite at E9.0 (G) and then was fragmented below the same somite level at E9.5 (H). At E10.5 the notochord was not observed above the level of the 27th somite (I) and completely disappeared at E12.0 (J). In Sd-Skt Gt /Sd-Skt Gt embryos, similar b-galactosidase activity was detected at E8.5 as in +-Skt Gt /+-+ embryos (K). At E9.0 the notochord was thinner and fragmented below the level of 8th somite (L). At E9.5, the notochord disappeared completely (M) and was not observed at later stages (N and O). In addition, Sd-Skt Gt /Sd-Skt 
Skt
Gt /Sd-Skt Gt embryos at E9.0, E10.0 and E10.5 were summarized in Table 1 . In addition, a summary diagram illustrating the relationship between the caudal extent of marker gene expression and formed vertebrae at E10.5 in each of the genotypes was shown in Fig. 8 . In this Fig. 8 , caudal vertebrae were omitted, as development of this region was considered to be unaffected by floor plate. We showed that the caudal border of expression in the floor plate was at the level of the 34th somite. Gofflot et al. (1997) also demonstrated that the caudal border of the Shh expression in the floor plate was immediately dorsal to the cranial part of the cloaca. Furthermore, the ventral ectodermal ridge (VER), a morphologically distinct ectoderm on the ventral surface near the tip of the tail, is involved in outgrowth and patterning of the tail through the regulation of expression of the gene encoding the BMP antagonist Noggin, but not Shh (Goldman et al., 2000) .
Discussion
We previously established the Skt Gt mouse line by gene trap mutagenesis (Semba et al., 2006) . We showed that the Skt gene was expressed in the notochord from an early stage of development and that the Skt gene was located within 1 cM from the Sd locus. We successfully obtained the recombinant in which both the Sd and Skt Gt alleles are on the same chromosome. In addition, a lacZ gene was inserted in the Skt Gt allele. Thus, the Skt Gt allele is quite useful to monitor notochord development and to genotype the Sd allele.
In Sd homozygous mutants with the C57BL/6 genetic background, the vertebral column was truncated in the 6th thoracic vertebral body and thus the phenotype was more severe than that reported by Dunn et al. (1940) in which the vertebral column was truncated at the second lumbar vertebral body. Thus, this is a typical example that genetic background can affect phenotype, although the mechanism is unknown.
The homozygous Skt Gt mouse has a kinky tail as well as impaired intervertebral disc development. In addition, the Skt gene has a coiled-coil domain and a proline-rich region (Semba et al., 2006) . In this report, we showed that the Skt Gt allele affected sacral and caudal vertebral formation, but not cervical, thoracic and lumbar vertebral formation in the Sd background, suggesting that the Skt gene has some role in the formation of lower vertebrae. Further studies will be required to analyze the physiological function of the Skt gene. By examining the expression patterns of lacZ, we showed that mouse strains with various genotypes can be classified into three groups: +-+/+-+ and +-+/+-Skt Gt essentially showed no abnormalities, Sd-+/+-+, Sd-Skt sion was observed in the floor plate and sclerotome at the level of the 17th somite. It is a well-known fact that the first four somites develop into the posterior part of skull, occipital bone. Thus, the number of remaining vertebrae corresponded with the level of development of the floor plate and sclerotome (Table 1 , Fig. 8 ), although the notochord in Sd-Skt Gt /+-+ or Sd-Skt Gt /Sd-Skt Gt mice was completely degenerated by E10.5 or E9.5, respectively. At E10.5 or E9.5, the number of somites formed was roughly between 17-25 and 32-38, which corresponded with the level of floor plate formation. On the other hand, the expression of Uncx or Paraxis in Sd-Skt Gt /+-+ was normal. In Sd-Skt Gt /Sd-Skt Gt the expression of Uncx or Paraxis was weakened below the level of the 16th somite, but its expression pattern was essentially similar to that of control mice, suggesting that the defect of the sclerotome and subsequent vertebral development was not due to the defect of somitogenesis. Taken together, these results suggest that the notochord induced floor plate development up to the level of the 36th or 17th somite in Sd-Skt Gt /+-+ or Sd-Skt Gt /Sd-Skt Gt , respectively, before degeneration, and that once formed the floor plate can replace the function of the notochord for induction of somite differentiation into the sclerotome and vertebrate. This is consistent with the notion that the mouse floor plate is sufficient to differentiate the somite into the sclerotome and once the floor plate is established, the notochord is no longer necessary for spinal formation (Dietrich et al., 1993) .
Sd-Skt
Considering these results, the primary cause of abnormalities in Sd mutants may be due to defects in notochord maintenance. Future studies on the functions of the Sd Fig. 8 -Summary of the extent of marker gene expression at E10.5 and formed vertebrae. These graphs represent the extent of marker gene expression at E10.5 and vertebrate formed at E18.5 in each genotype. Caudal vertebrae were omitted because floor plate is not involved in development of this region. There was no significant difference between the region of induced floor plate/sclerotome and formed vertebrae in each genotype when compared using the Student's t test. Data are expressed as means ± SD.
